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(57)Abstract 

PROBLEM TO BE SOLVED: To enlarge the control 
region of defect-free layer depth and fine defect density 
of jthe inside in a CZ silicon wafer. 

SOLUTION: This silicon wafer is a silicon wafer which is 
obtained from a silicon single crystal rod grown by 
doping with nitrogen by CZ method, has 2-1 2 |Jm 
defect-free layer depth after gettering heat treatment 
and after device production and heat treatment of 
silicon wafer and 1 x 108 to 2 x 1010 defects/cm3 
internal fine defect density after gettering heat 
treatment and after device production and heat 
treatment. This method for producing a silicon wafer 
comprises growing a silicon single crystal rod doped with 
nitrogen by CZ method while controlling a nitrogen 
concentration, an oxygen concentration and a cooling 
rate and processing the silicon single crystal rod into a 
wafer. 
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L,"CW«K S tifc V y 3 >*l&fi**.x 7 J XL X'Wc~> 

1X10* -2X10' 0 ^/on* C t 

#1X10' 2 ~1X10' 1 atons/on'-C* 

tmtrz mm i fc ssss l/c y = >sms & x - 

All X 1 0"' • ~ 1 X 1 0 1 * atoms/on' r 

■ sa't r zwvm i kkk L/fc-> y 3 z^uss-? x- 

• V; 

f9 [ fl 7 p pma-Cfc-SCitr^i-f SSJJfclSl & 

ute^as 3 ©t,>tn* 1 ^kibss t /c-> y 3 20 

£x— ;\„ 

c 5 ] arsf y 3 >**sg*?# t eufsss© 

115 0 -C^P. 1 0 8 0*C£-C©i$*i)8&=& 1 . 0~ 

**c<t*if«irsis*«i a«,»oiWB«4©i»rti 

[IW0»B.] ^y,3>i*|Sg?x-/N©«ji#j£«:*5 

4©iaiL-3oWfi£o. SES";3>3M&§y$£:*-7-f 30 
r x - ;% ccjflXT 2> c t *n» 1 1 * is y 3 >**£n 

9x-M©«fi3ffi. 

F-^L-ft:->y3>milSS«S:WBW-SKK. SsHMSii 

:s« i K-yriS5Rise* 1 x 1 o* 2 ~ixio' '• 

. ttd^/af {CM®* * C £ =&f#»<i T 6 CCgEtt 

y 3 >**ssox-/n<ds{js^. 

^CCiK-yTSS^ftK* lxio' '-lxio 1 4 40 
atone/cm 1 tCfflW? Z C t t T 3 M *JS 6 KIEiS 

Lfcf y 3 >mtsa-?x-^<Di!ji^fffi. 

(»«]19] !5SB5 1 3i'7^^+-ffi«:J:-3-CSeR=& 

K-7'Lfc^y3>mies#*W5rriK{c. 3&3M£n 
mc&ms tizmmg&LZ 9 ~ 1 7 P P m a tcswrs 
c t i -r 4 mm e * t, > t, mssj® 8 ©<, >-r 4ut» 1 
3i{cgffiKL//t'> y 3>mtea^x-yN©»is^„ 

*F-^Ufc*>y3><tMail«*Wj£T*(&K:. 
B#©*£iil£fiB$© 1 150W61 0 80 'Cg-COtf* 50 
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a3S*l. 0-4. 5*C/nrin<DfSffl{C$IJfflI-r^C4* 

tgL/o y 3 >#isa^x-^cr)»jt^rffi. 

[#feiUj©3**Blft5SWn 
co oo i ] 

bxmn l i8.&&f s c t «c <£ o . BFfaoo^s* 
w-r y 3 >«mes^x-/>4»Bt-rsfi?ji5«:Bir 

C0002] 

fcft©Ox-AiL.ttt> iJC^-a f^VZir-m (C 
Z^) CCt-j-CW^Stvfc^-ys^^^x-^Aiffi 
UC*lTt»S. C<D£5ts:i") 3 vmSH^x-^tCje 

Slfb 3 nfc-r^-fXtCteW^^Jr 0. 3(iin 
«fc ^ 3» - >BlSMK.it. 0 . Umt-f XOfeSX 

gfo-c. ^y3>*^s>i7x-^{c#ftri^^$* 

C0 00 3] IttcJfcfitC'Sror. CZfifc(cJ:0*fi£Sn 

n-Ct»-5. C©«t^A«citeS^©£%^JMHit. IMS 

6 ® Af * K^il^©«^^-C h Z> ffisSW a«j-c 

«RjS*lS'fx-A©^B^K^aET-5<«: > ^<^# 
tt*^tS-t*SWW5:i^fiii^S©-C. C©.*:^*^ 
^R^(/, -HKrS!S* : rr*afc5<tf6B (DZ) 4 

[0004] s. /c. ^ y 3 >*^s^ x-/N©^@ajcc 
>-5x-^©A^^g|j«:y7 5f';>y-y--r hii-c, ^ 

'jyis? $ l J>if ( 1 G) **fiSi £ 5. C©-< 

> F 'Ji-i/^y? * y>* ,J &3&5lfcJ& 4>©<i:-f SfC 

'!»x-/^©/^^^s8(c5fe^•^c^^s©F , iffi8S/J^^«ai 

( BMD ) ^fiKS-esCiaJ-tfgi&S. ^*J. cc 

3?©»/hX»**g-s\ 

C o o o 5 ) ti±©.*>6. -> y sr/ijsigfc^x-^© 
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^mornxmrnvm $ t ' v * $ > w a i- t k s 

(0006] C<D«^ffi»ai3 iW8C»/jN^I«ffiS«. 
CZ^{C«fc»)Wfi£3n4->y=i>#ilSS<DK3Rj8a. * 

[0 00 7] 

[#6SI3#ll?ftLJ:5<!:T5il!gj 0*>U C©J:5fcI8 
»gg^teiffi£&«:«aSiPT£:frffitCJ: o TWEES ft/ci^ 
y 3 >$MgJMga>6f9 61a/c-> 'J 3 ^mg^x-^ 

<>0. 5 amS£©Sl^fc©£&->-Ct>fc. 20 
|[ 0J)0 8] */c. S6*ffi-C«. 20ppma (JE I 
DAi: H*^Uetg«tS^»ft) S££©iSI&JSi*£© 

i pxh"©*si^ctt. fmm&<D?im&L^xm&mt& 

\ x l 0 1 0 SVcm 4 Sffii5«S«c» 
flf$ia£»&3Rjfi£#9~ 1 7 p p ma<D^x-/Nt?B, 

(fe«!iffiacDrtS6»/Jvxiise«. s*t4> ixio' * 

/cm' gSKS* 9 . * y > tf^Sk^&iii 

c 0 0 0 9 ] *ng§ttc<D«t 5 *cwja*tcffi*r^3 *i 
co 0 1 0 ] 

cs*s*«i**-*/c«>©#&] ±iaaa*»i?i'r */c 

j u^ex ^-rx Lxn-fcis y 3 ^sms&^x-^-c* 
• : J v a ^misa^x-zNco^y * y >^»i5S& 
; j is it j <* # 2 ~ 1 2 

i sjsi»teii«orta5a/i^ieiES*5 uio 1 -2x1 

£x-/n-C*£. 

[0011] c ©<£ 3 K*- 3 *v.>u.x 9 ^SS 
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^-r^sijg^sao^fiseais^z- 1 2 dmt, 

©rt^/jN^K*S** 1 x 1 0 • -2 x 1 0 1 0 tr/cm 
4 t. afJftO^'JnV^SOx-^tctt^-r^iStcE 

Co 0 1 2 ] ce-ey** y>dKMMiitt. W 
^< ■< xxscc a* w * -cK.n t tn tmrnztm l . 

)Rjag-g-©ffe©aM ^^x -/N{cftLfca{c t 

[0013] C©ig-£, 2fC^W©IS^2 CCEttt/fcJ: 

se. gres/y a x-^©^?ag*s 1 x 1 

0 ' '-»1X10' 8 atoms/cm 1 T?*-S C <t*JS?3£ 1/ 
SfCi*. SSSjSS* 1 x 1 0 1 0 atoms/air 1 JJLhtC-T 5 

©#s* u < > -> y 3 >m^oysm^tom-ficfi h 

i&Oi^fC-rSfcfeJCtt, 5X10' * atoms/cm'jyT 

tr zoum* c©ixio' * ~ixio 

1 ' atoms/on' ©ffiH©S^rfigB, |gJI^IS©/&g<D 
3RifiS*iC©t5Hr*4aif. ^SXP@©1>- A 

/hs<t«ct*-ct, y-y^y>y}!ftsaaa©^RS 

[0014] C©«^, *%B«©a^3 «Csei8L//cJ: 
^ «C. firf2->y 3>*i|gS^x-yN©S3RtSS*i 1 x 1 
0 1 ' ~ 1 X 1 0 1 * atoms/cm 1 T*fttt3 5 K#£ L- 
\.K SRigff* 1X10' 4 atoms/orffelTi-rntJ. 

y ? * y > fcttf'/-? a xwmnmnfimz n 

*i-cts©r, c©«t^&-i;x-^iKfl$fiE3iafc^ 
-<X©!^14»$6KHl«tt©iet.>fc©<b4S. C 
©<fc ^^^x-z^ffitexf^ + ix^jugES^f ^r^fc 
t&^«. C©OSF?SMlcm>. Jg^Ufcxf**^^ 
Jm*<t#Rfc;*ft58IJ!Xf§ (SF) &i'©ilgS^* 

jgg*J 1 x 1 0 1 ' atans/cfn*JW±-C**i«. y^'J 
> yjR^S S Uf'* A xS8i^ffiS^©rtSK^raffiS 
« 1 x l 0 8 ^r/an 4 JUU:**5©|K:^6tiS©t?> «fc9 

[0015] C©»^, *%W©195»©4 KgeKC/cJ; 

^«c. ffrt2->y avm^s^x-^wKsRtge^g-i 

TppmaT*Kt*tf3:U>. vya^-^ISS^x 
-^©K3RifiS*iC©ISia©fi-C*ntt, 1£ikXffi<DI$. 
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@o>~H&&-C*>Z 9 p p m a m@LV>&3&\&8tX$> -> 

i CO jo 1 6] C©»i^ *HW<DSI^5®5{CgEISbfc«fc 
! 5tc| |iri2'>'J MSfiSS^© 115 0 

C^ ! 6 1 080'C*-C©^aijiS41. 0~4. 5'C/m 

£F*tA>. *£gfi££&©l 1 5 0'C#>6 1 0 8 0*C*-C 
(jy^mSJSffil . 0~4. 5 *C/nrin<Dffia-e«)tX«. *§ 

«iaa©*^fiiJiaiS* J 2~l 2 /imt*D. *ortSB 
8&'h$tfSa?K# 1X10* -2X10' 0 -y/an' ©ffi 

coo 17] $fc. *5m<Dn&m6ic3wi,itgm 

KJOIT 4 C i 4»t it 4i/ 'J 3>«fel')x-/Mir) 
C 0 ;0 1 8 1 C©«fc 5 «c. E3SgK*sJ:Cfl%aii2£©* 

H©fe(HiSIfiSiB«^iHK:a^:l, t fc|*BJgai;**i2~-l 2 
fimr&tK *>-3rtS5S&/MaS#ft# 1 x l 0* -2 x 

io 1 0 ^/o.* x:$>^ss,mo->v^>m^^^- 

CO 0 1 9 ] C ©*§£-. *^8©sf^JS7 KfeiSUcJ: 30 

■; rj >mmsMi^ezr^ic. &m£Mteic f- 

T'-TSSSRjgS* 1X10" ^-1X10' ! atoms/an 
(C. . SSRifiS* 1X10* ' ~ 1 X 1 0 ' 4 atoms/an' 

tcimarmw:. — js*f*l.c>. */tis*3i9K:ffi«L<it 
KWSJI»{c$WStvSB8SigK«r9-l 7p 
pma«C*lJfflI-r4C4*5»a!L/<. S6«:fil3ail OK 
ie*BUcJ:5«:. K#iKS»<DilSSR!cS«F© 1 1 50*C 

1 0 8 O'Ca-CO^jSS* 1. 0~4. S^C/min 40 

©efflccsnsii-r a c idJSfa: o^. 

Icq 020] c©<t$tc. ssr* F-^Lfc^ya^in 

tes^=&WBXT5Pg{c, msmm.. mstmsL ^mms. 

:R?!ii2~12Mmr*D, frr>ft&WhWmm* 1 
Hjo' ~2X10' 0 fVan' CCWaiSilfc^ 'J =>> 

Co o 2 i ] «t. e.«:i¥ifflKSiig-rs. # 

^bj«. se*©^rft-ctf^nTi«>/s:K»iS*jJ:o c ?%*P 
at*w»-rsciKii«.-c. ->y:j>iiMgii#©sjst so 
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x&stiMW? scitct"), mxmmm.* t pam/M* 
©r*-5. 

c o o 2 2 ] S£3R. f y x-^omxmmmz t. 

twc$tj;fr->tc. ccrmiB, SaftnftS^&^y 
-^©iifcjBWS^y 3>*teS'f x-/N©^ffi)igii 

c o o 2 3 ] m i k^tj: aa5©^s©«t: 5&c& 

jfiS*l9~l 7 p pmaO^x-^TKSISXPIJISiSi 

i^gp^jvXKffiSt*. -en-?no-o. 5 Mm. sxi 

Q'yi _x io.'Jr/<*? ± ^?J^*WR?b***B 
•Of fice £#«S. 

CO 0 2 4 ] C©JSH«. fiefc£«:fcW*JSII*RB©lJ- 
^X£Bt£*Tffi^©^XRtf€©&£K*T/c. 02 

( a ) ( b ) 3 >m*$S-5x-/A!*3©ifeS^. 

KSWW^SI^^W^OfcS-CfcO. 13 2 

( b ) «$E3fc©!8i£fc J: 5 »%(*j«*^*n% Uda 
-C*-5. 02 (b> JC^'T.fc^KlSesfE^K.t^i. ISA 
^©«ffiW®<XHS^*^(.>*)©©. If-fX©;*:* 
OlSS^Pi35i^LT:L/*^. C©-*MX©*#t,>j£ii 

SCi*JT*r. JfeKRIJBSSSfcaK 3tf*J!£H£fco 
-COfc. >?x->'v<;Ui'SB"C©ffi3R«fai«J©«e 

Co o 2 5 ] -ecr. 3fc^Hi©^l8^6«> ^-3 

-7*1/. ^©fi€rWiBIT*C«i:%#.«Ufc. 0 1 CC*^ 
^©i/ 'J 3 j* - *fitcteW-.S 

0*^©-5x-^tt, flR^»ai3«2-l 2 tfm-C 
*») . MnK^QBtftttX 1X10' -2X10' 1 * 

CO 0 2 6] */c. H2 (a) «C£IS9!©3xw%fl© 
132 (a) Km-r«fc^CC*:*qi©^rffiCC 

wx©/jNS^«Fa^fi5*i^i-rs. cc^^^-rx© 
spat:. ^x--'N©/-?;u^gp{c« > 

CO 0 2 7 ] *^K©'>'J n x-^*ic©<£ 



•5 (T.Abe and H.Takeno.Mat.Res.Soc.Svmp.Proc.Vbl .2 
62 , 3 , 1992 ) . C (DSft*«M^7LOieasag*s . *3- 

y 3 >$t*Sg?x^£ff 

[0 02 8] S^JS^-«ilSS)5SS*«:K3J«Tai* 10 

F.Shimura and R.S.Hockett.AppI .Phys .Lett. 48, 224, 19 

86) . se-o-c. ^R^jaafcF-^sciwiirci. $ 

x^^jl^a©&S^jH^K£iBi&. U n 

[ o b 2 9 ] gf&*-> y 3 >«ss*{c f- . 
-?"rs33i©iSK«. +5-«:^-^jiS*5l#Sc 

?\ 1 X 1 0 ' 0 atoms/cm* tit CCT *©#*?* l> < ."' 
S/cS'y 3>i|M£ii#©@^fi^**S5 x 1 0 ' 5 at 
cms/cm' Si. b-e© 4> 

CD*iFfl#SnSCi*i*5<0-C, C©?g@[=&*8*.fct,>J: 

[003 0] S etC^IKD^^tt. C ©SSRiftSJC 
SSl^W^SEJfiSSB. 1X10' '-lxio 1 ' atom 30 

[0031] <* nicijaz.-c*mw<Dmm%i^ c<omm 

■& ^ rX 1 0 ' • - 1 x 1 0 ' 4 atoms/cm 1 if* C <t*i 

i i J p&iffig©ssaffi*#sm-r * tc#> ixrvmim * 

:>7t; 40 

^) . i o o >©#*ss«*. ?i±cfiisi. o 

mm/min. 1. 8 mm/m i n. ©2S&-C?l±lf 
fc„ *©m. SSRi«S*i3 xiO' ! -lxi0' ' at 

cms/on 1 i** j: s <amtpic&xr zmtmmmm 

*«t,>m4.t^ 10Q • cm, BHRiiSB9- 1 7 p p 
ma ( J E I DA) ©faHrfco/c. 50 
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[003 2] 'XK. C *l£©?x 1 1 00 *C. 6 
®t$<Dt§$:fflg.L. WimmZmZiCiftLtc. till. 03 

Kfcor. mt3«w*©^sai. oe + ukixio 

' 1 ZSMLX<,>Z. ESJ^. gSHSKaUxio 
1 * atoms/an' KT{C*Jt,»r. O S F Z>ffi$m 
#ffiJSCCiS/J\ t T t» set . 
[0 0 3 3] OSF^iSSL-fc^x-^iH— 0fe 
tt-Cfi^LfcglJ^x-^c-^-C. OSFIMfc*fr*fc> 

-rtc 8 0 0-c. 4mm<Dmm (.m^mss.) 1 1 o 

0 o -c. i eniaomiMnamtn^. w&oo ppm 
(c«fc 9 -?x-^©p>3ai5«a/j>i»i?iafS?:SffiLfc. *©*s 

*, £3R}Sg# 1X10' ' atoms/an J «±r«ia^tC 

1 x 1 0 4 $yan a «±©F*?SBS»/jNXfi6aS^P.^S 

[0 0 3 4] (351*2) &MB&#1 x 1 0 1 4 -1 x 
1 0 1 5 atcms/an 1 -C*.5JW*1-«. UK 1 ill-{±«© 

i/yn>m»a«Bi'>x-/NSr^«L. y?*y>*$!i 

jSili L -C*gS#X 1 0 0 %Si«t 6 •C/hrin-CMS 
U 1 2 0 0'C-C6 0#8l}#L-ft:f£. 3 •C/nrin-C?&SJT 
•5fc«ia£S6L. 6 © t -€-©i!WJiS*?T£fo£cU«>© i 

cc^sufc. i^tc, -en-en©^x-^©aEtc. it 

*+i'-»-Jl'fiKgS^=&rat- : >r 1 0 9 0'C-Cl 5Atm©Jl 

x e ts? * u + JU^gf*©aM©ffi»^Pi ( s f ) ffiK* 

SP1 (KLA^VrJWl/tiJSlliA^) K J; Off t-\ * 

©tt**ia4{c^bn:. ft. 04«:*st,»r*>, m«« 

fill©^i£l. 0E+13«1X10 1 4 *:«!UcO-CV 
S. 

CO 0 35] B4J;Q, ^^fV^i 
^©WSftCCKfcer. 1 x l 0 1 4 atoms/ 

an , «TT*tl«xf **V^>»UJaa®©aJl^l« (S 
F) !5S*AKtCffi«-C*5C<bAito^S. 

[003 6] «±©SSiB&&£:* i»Si. tLh©3P*J 

feifeisaufcosF (Sfts^iJi^ 

K) ©«©^:gP»A5m«rS©-C. OSF#U4ltf 

[003 7] L^O. 1 x 1 0 1 4 atoms/can 

Jii^«!S|fr©tt«-C JoTfc, OSF«W4iat>r^>ftl.» 
©■C. O S F*i*i-rS^?r^ x-y^ffiJCto/cOti 

K:*iC»r«:. «J:0Stll«:OSF«*r»?SS-ttSC<i:^-C 
*S©r. c©J: ? ?c)i-/\±«:f S3 hfcf/M x 
<Dim&S e>icmm&<DlS^i><Dti3:Z>. OSF 
©SB. f*^©ffi{t)Bi»E«fttf|2ffi (TZDB. TDD 
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[ 0 0 3 8 ] *fc. mma&Z 1X10' 4 atoms/on 1 

giicxt ft* itcm&iamx:. B 
F) Jii-©igs^t*L<fflisijrsc6*J-c*.s«^ 

[003 9] mm&.J£& 1X10' s atoms/cm 1 

iK&efts©-?. <*9-)i©y?*y>:ya&*ai5isi io 
[ 6 jo 4 o ] t tcftwmt. mxmmmz ttosmci^ 

KSRiSS* 9 - 1 7 p p m aOttfflKTS C £ L 
t> C £ fc&Ml, fc. C htt. 1 7 p p m a fcTF©K3R?fi 

MiC 9 p p m a tUiK-T * C <b K «fc TK3ttrta«J*l* 

<M>i&&i&c>a>e>-ca-5. *otc#>, s";3>it*£ji'? 20 

x-^©l^jfiS«9~l 7 p pma©iSB-C£>SC£ 
[004 1] S 6K&3##«. *^JSai$ ittSKfc/h 

*§&jiSgB$<D 1150 -ca>6 1 0 8 o*c$-cow££p 

BBEfcl. 0-4. 5X/minKfWfflJTSC<i:;Wi?£Ul> 

I) . ; 1 . 0 'C/nii n«_tKj£ < -f fxtfUSikKffS 

>?^**«t/JvrSC<!:*S-e#. ^133*5 4. 5T)/m 30 
nJ^|rr * ntf *asfibKa s ^ c i *s-c # 5 „ 
,£.'^2^*1. 0-4. 5 •C/hrinfiDfifflJcSiai-f £ 
Ci*i*?*LC»„ ffi. 4. 5'C/nrin«±©^aJj£aT* 

[0042] 

[^©leteo^®] ^Wfcfc^r. cz&Kiot 

F - ?\, fc-> V 3 >«tteS«*WfiK-r S KB. flf 
Ati^BSe 0 -2 5 1 1 9 O-^CCSBKSn-C^-SJ:^ 40 

fc&*n©:£ffiK<i:*i«jy,». 

:C 0 0 4 3 ] Tfcfc^. C ZSB. 535JU^sKtt>(CJRg: 

ttkW PiKSfk^Aft-cfc < a>. f y 3 >iK?Ktfi 
K3{&&£&A?-S*>. #H^^*®R4#tr«aSl 
4-r*c<t^«:j:^r, 3l#±tfi!&fa*K3SR* F-t' 
■r5C<t*Jf*5. COGS. g{t«!Ofi**^«®R^ 
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j£© 1X10' '~1X10 1 ' atoms/on'* -5 
X10 ,S ~1X10 1 * atoms/on 1 ©gj&a&KSflffi! 

[0 0 44] Sfc. f*&Gfc«fc5K#2Hrc«. CZi£ 

IRK. i!M£li«KSW3ftSK*iS&S:. 9~ 1 7 p p 
maOffiHKWaiTSCi^lELU. y'j3>*6 a e a 
«*WfiE-f*IBK. ^r$*i*&Jfe««£±fBfBBKfi 
T3-tt-5^Fffi«. a£*^1SfflSft-CI,>£:frS:KJ:tttf 

Dn. #ffl£U3E*<£KBT. ">y3>IfeftODS£#fl>*5<fctf 
*ti)(SOSSf(DfaKJ:^t. «f*K±SKSItSe«iH 

[0045] *"/c. m&LtcJ: *> K*^-Ctt. C Z& 
K > ^rg** h--7Xfc-> y 3 >$M&H«S*WfiSW- 3 
BK. m3,&Lm<P®i%Wm&>S: l . 0-4. 5'C/nrinK 
«WrSC4*s»*0U. SSgKC©J:5fc*&filijg£ 
#*fS9fr.&fctf>K«. *S§KD3l±t-fjtK*:ilf3 
£ 1/ T*S aoStSiia^Jf^S &2ft£K<£ 0 *T 5 C i 
*^I«|-C*-5. *S0»tt. CZffi->'j3>*KSt4jS^ 

g(D?--p>^'-f*gKj»ur. »a*ffig©?&iniiar^ 
^ K*te y > ^*iS:w 4^©^*a«-r z cttf-c* 

[0 04 6] C5LTCZ*K4sC^r. 9rMigSOSm 

■j3>#i|$S^x-/AK»nxr-5. Cti6© 
XgUWm^L.fcKii:-*'). C©ffiK4j5fe*^l^ 

[0047] -e or. c5 oxn^nfc><) 3>*Kra 
-eoa©yi.f y>^(&8Si*s 

tt-^^-f ^88iJ»jBiaKfct>rS»«iSSrifiTC 4 K«t 
•J. !&XIB«Si3as2~l 2(tmTi6ot. *>ortaJa 
/i^PSffa* 1X10' -2X10' 0 tr/an" 
*&W0~> ') 3>#«&S^x-y>%^iC i*sr#i. 
c©2^^©-> y 3 >^es-t7 i— -N« s ^W^f^S? 

»<. »t»y^a'y>y8g^%wr'6fc*7 r -'Wx^a 
y fefiit^x-^ija:*. 
[0 04 8] 



(7) 

11 

-f>*\ PS1 #ffi< 1 0 0>. tmmiOQ - cm© 

SEA^l 2#3l±tffc. 
[ o lo 4 9 ] a« f - yfi©*uai«, m*«c* e>*> o 

! L-Cite< CifCJrOmtoA:. KSR«3:©fM©J«. 31* 
CO 0 50] cc-c&iiiT.tca&&g,m&e>. Vj+V- 

mmmmmmmox. mm<D?-7&. m 
mMB^vft&mmmvtkftmmm-t bit 12m 
m<Dm& 8-/>f©->'j3 >m&M,mmv x * 
mk&rmLtc. 20 

[005 1 ] OLXmiitltcis'Jzilsm&ikVx.-" 

imfsmt. ^•;3>^ i iss'i;i-^^*sR5 o%tr 

;l/=f > 5 0 %d>6fi!E-S#H^T-C. 6 'C/niin©ffS^r 
1 2 00*CSrSfit/. 1 2 0 0*C-C6 04HfjfUfc 

a'c/Drino^ja^-c^aj-r-schtcjcotfofc. 

[0 052] C©&, Ctl6 1 2SSI©^y3>#feS 

|i (rk-r* (nh< oh) £jai&(t*Si* (h, o 

!'i )j^«S*fck©l : 1 : 2 0 ©«£&). KT. 9x- 

- ^&k#j8 o -cr i BHUft^-f s e i«c <t ogft/Kcc 

OP£S®aE<tStf. ')x-/^i%KLA/Tenco 
rtt»S P 1 f^iSS^aK-C. ■£©>> x-r> 

affitc??ffi-r ■5^:*?*«0. 1 0 MmfeLh©COP (Cr 
ystal Oriqinated Particle) «C-Pt,>-r. COPM* 
■?> hT4CiCCj:-DT»iSUft:. Sfgfifcicttl um« 
Kl 2 um©ai33i-C?fr>/c. 

[0 0 5 3] *7t. *^«&3KO(,vr;tt. ±f2£PI 40 
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IMbJWffoa©©!?®*. TZDB (Time Zero Dielec 
trie Breakdown) ©C *- F(X^ I? 1/ < » >) > K— 
#'J->>/:3>SS (BMfclg/?2 5 nm. «SSffi$8mm 
a ) fcflSSU «£SS£fillmA/cm , -r , S£«Lft:te«SR 
««lft8MV/cmKUi©«>©*^D a p<i:0-C. ^x-^ffi 
rtlOO ^©«ffi£«9i£bfcig^©&,K*&C - mod 

[0054] £/c. TDDB (Time Dependent Dielect 
ric Breakdown) ©r-=e- HiR^-CfefFiSBC/c. Cti 

V>lr-7#V (WKt&M 2 5 nm, 

«SffiS4mm a ) frfPKl/. * r W*®£0 .0 lm 
A/cnr*SliK«fC8SL-r;. Slwffi2 5 C/arf£l±Vtm 
mmpMB-tZ 4>©*A& tifX._. ? x.-r^JBfil P_ Q_ 
^©«g*9J5E L-fci*^©^^* T-mode n&m 
iCfc. -etr. TZ DBRO'TDDBM^OSWCJa 
Ur^D° 0 **i9 0%«±©«^*jfe>C^<!:*ISL/c. 

[0 055] C©&. Cftfc 1 2 «S©^> 'Ja>I^S 

COftfeSH. ~> V 3 xw%£g3Rg«R 
8 0 0T!©l^S*4B#f!fl;teLT#>6. 1 0 00'C 

©SMb^s* 1 6 ftmrnrc 

[0 056] -eL/t. Ci\P> 1 2S5B©i")3>«teS 
^x-^©^g|Ja/Jv>;RSafS4S2ffi0fc. C©ft2K&/h 
^tRSgS^ifflStiO P P (Optical Precipitate Profil 

er) Wrcft-yfc, c©OPPStt, s 2 -t 

^^#SS*gi*J*;fi3Cft:*>©-C\ *r3tP^6-TA: 
P-1f ^ y X AT 2 *©iS3?-r 9 0 ' <&*B# 
JlfcSil3§Mi#©e-A<c^l,T> ^x-^fitffiBija* 
t±A*t2l±Z>. C©^l-5©tr-Ads^4««3^<J:fii 
tii/7h*s^C. lo©tf-Ai©ffiffi^«s*D 
3. C©ffit§M*"?x-^SSij!ia&K:. ffl*T^7^ 
•tf-fci ») tfcfflfS C <tK J: o^PB*«imr £. 
[0057] C 5 L-r^^ti/ciiJ^ilg**^ 1 (C^b 

fc„ cc-e«feXR5)iai $©»««: ou-c«. copik 

^Sffffitt^x-^MrtOCOPfBt-Wl 0 0 <fc94>ft<.» 

<fc $ff««fiiPo**J 9 o %«±©ais *v#teXMm-v 

[005 8] 
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[op60] ±ieiei6»®tciE5£$n 

[0061] ^macis^xf a * ^^x^- 30 
<r > to «9> * a^n-r * m c z £ *> ^ * ti * . 

; [0062] ttc. ->>j3>«SS>i;x-^«:!feStiy!i 



[00633 

$C«b#S* 1 x 1 0 * ~2 x 1 0 ' 4 $7cra 4 ijSt^fS 
[EB<DlflMt&sft'Pn 

CB2] •✓y3>*i*»$x->>rt©*«KiB. mmm 
^tc^^i-zN^ws^-^^itia-cabO. (b)« 

J: -5 x -/ \<D V x -^rt<D^?-«r^ b fc. 
[S3] '>'j3>m*SS<i7X-^(0ISRiSS<!:^x-/> 
[H4] i";3>*iteS'J'x->'N<D*MfCxf^*->-r 
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